We report the discovery of KELT-6b, a mildly-inflated Saturn-mass planet transiting a metal-poor host. The initial transit signal was identified in KELT-North survey data, and the planetary nature of the occulter was established using a combination of follow-up photometry, high-resolution imaging, high-resolution spectroscopy, and precise radial velocity measurements. The fiducial model from a global analysis including constraints from isochrones indicates that the V = 10.38 host star (BD+31 2447) is a mildly evolved, late-F star with T eff = 6102±43 K, log g ⋆ = 4.07 −0.10 , which is roughly consistent with circular, and has ephemeris of T c (BJD TDB ) = 2456347.79679 ± 0.00036 and P = 7.845631 ± 0.000046 d. Equally plausible fits that employ empirical constraints on the host star parameters rather than isochrones yield a larger planet mass and radius by ∼ 4 − 7%. KELT-6b has surface gravity and incident flux similar to HD 209458b, but orbits a host that is more metal poor than HD 209458 by ∼ 0.3 dex. Thus, the KELT-6 system offers an opportunity to perform a comparative measurement of two similar planets in similar environments around stars of very different metallicities. The precise radial velocity data also reveal an acceleration indicative of a longer-period third body in the system, although the companion is not detected in Keck adaptive optics images.
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The high scientific value of transiting planet systems motivated the first dedicated wide-field transit surveys, which have now produced a large number of discoveries (TrES, Alonso et al. 2004; XO, McCullough et al. 2006; HATNet, Bakos et al. 2007; SuperWASP, Collier Cameron et al. 2007a , QES, Al-KELT-6b subai et al. 2011 . SuperWASP and HATNet have been especially productive, with each survey discovering dozens of new transiting planets. The space-based missions CoRoT (Baglin 2003) and Kepler (Borucki et al. 2010 ) have dramatically expanded the parameter space of transit surveys, enabling the detection of transiting planets with sizes down to that of the Earth and below, planets with periods of several years, and planets orbiting host stars with a wider range of physical characteristics.
The Kilodegree Extremely Little Telescope-North (KELTNorth) transit survey (Pepper et al. 2007 ) is designed to detect transiting planets around bright stars. Pepper et al. (2003) designed the aperture, optical system, and exposure time for KELT-North to provide better than 1% RMS photometry for stars with 8 < V < 10. That magnitude range represents the brightness gap between comprehensive RV surveys and most other transit surveys. The KELT-North telescope system was constructed using commercial off-the-shelf equipment and has been collecting data since September 2006.
The KELT-North survey has already announced three lowmass transiting companions. KELT-1b ) is a highly inflated 27 M J brown dwarf transiting a V = 10.7 mid-F star. KELT-2Ab ) is a hot Jupiter transiting the bright (V = 8.77) primary star of a binary system. KELT-3b (Pepper et al. 2013 ) is a hot Jupiter planet transiting a V = 9.8 late-F star. The designations KELT-4 and KELT-5 are currently reserved for two candidates in the confirmation phase.
Because KELT-North has focused on the same fields for an extended length of time (> 6 years), longer period (P ≥ 5 d) planets are now detectable in the data. The large number of observations of each field also enables the detection of smaller planet-to-star radius ratios. In this paper we describe the discovery and characterization of KELT-6b, a transiting mildlyinflated Saturn-mass planet orbiting a V = 10.38 metal-poor host BD+31 2447 (hereafter . KELT-6b is currently the sixth longest period exoplanet discovered by a groundbased transit survey, after HAT-P-15b, HAT-P-17b, WASP8b, 27 . In several important aspects, KELT-6b resembles a metal-poor analog of one of the most well-studied transiting planets, HD 209458b (Charbonneau et al. 2000; Henry et al. 2000) . Both hosts have similar effective temperatures of ∼ 6100 K, although KELT-6 is significantly more evolved and therefore has a larger radius. On the other hand, KELT-6b has a substantially larger orbit than HD 209458b. As a result, the incident fluxes at both planets are very similar. In addition, the surface gravity of KELT-6b differs from that of HD 209458b by only ∼ 20%.
The discovery of KELT-6b offers an opportunity to perform a comparative measurement of two similar planets in similar environments around stars of very different metallicities. The comparison may, for example, elucidate the effect of bulk composition of the planet atmosphere on the cause of atmospheric temperature inversions (e.g., Madhusudhan & Seager 2010) . In addition, host-star metallicity has been shown to affect the physical and orbital properties of planets. In particular, there is a rough correlation between metallicity and estimated core mass (Burrows et al. 2007; Torres et al. 2008; Sato et al. 2005) , and there are indications of trends in the 27 The Exoplanet Orbit Database (Wright et al. 2011 ; http://exoplanets.org/) lists four planets with longer periods as of November 5th, 2013. WASP-84b (Anderson et al. 2013 ) is not in the database at the time of writing, but we include it here for completeness.
properties of planets with metallicity, which may signal the existence of multiple mechanisms for the formation and/or delivery of close-in giant planets (e.g., Ribas & Miralda-Escudé 2007; Dawson & Murray-Clay 2013) .
DISCOVERY AND FOLLOW-UP OBSERVATIONS
We provide a brief summary of the KELT survey data reduction process in §2.1; for more details, see §2 of .
KELT-North Observations and Photometry
KELT-6 is in KELT-North survey field 08, which is centered on (α = 13 h 38 m 28 s .25, δ = +31
• 41 ′ 12. ′′ 67; J2000). We monitored field 08 from December 2006, to June 2011, collecting a total of 7359 observations. We reduced the raw survey data using a custom implementation of the ISIS image subtraction package (Alard & Lupton 1998; Alard 2000) , combined with point-spread fitting photometry using DAOPHOT (Stetson 1987) . Using proper motions from the Tycho-2 catalog (Høg et al. 2000) and J and H magnitudes from 2MASS (Skrutskie et al. 2006; Cutri et al. 2003) , we implemented a reduced proper motion cut (Gould & Morgan 2003) based on the specific implementation of Collier Cameron et al. (2007b) , in order to select likely dwarf and subgiant stars within the field for further post-processing and analysis. We applied the trend filtering algorithm (TFA; Kovács et al. 2005) to each remaining light curve to remove systematic noise, followed by a search for transit signals using the box-fitting least squares algorithm (BLS; Kovács et al. 2002) . For both TFA and BLS we used the versions found in the VARTOOLS package (Hartman et al. 2008) .
One of the candidates from field 08 was star BD+31 2447 / TYC 2532-556-1, located at (α = 13 h 03 m 55 s .65, δ = +30
• 38 ′ 24. ′′ 3; J2000). The star has Tycho magnitudes B T = 10.736 ± 0.048 and V T = 10.294 ± 0.050 (Høg et al. 2000) , and passed our initial selection cuts. The discovery light curve of KELT-6 is shown in Figure 1 . We observed a transit-like feature at a period of 7.8457 days, with a depth of about 5 mmag. The light curve contains 7359 observations spanning 4.5 years, phase-folded to the orbital period of 7.8457 days. The solid red line represents the same data binned at ∼2-hour intervals after phase-folding.
Radial-Velocity Observations
After KELT-6 was selected as a candidate, we conducted radial-velocity (RV) observations to identify possible falsepositive signatures and to determine the RV orbit. We obtained data using the Tillinghast Reflector Echelle Spectro-graph 28 (TRES; Fűrész 2008) , on the 1.5m Tillinghast Reflector at the Fred L. Whipple Observatory (FLWO) at Mt. Hopkins, AZ. We observed KELT-6 three times with TRES over three months, from UT 2012-04-12 to UT 2012-07-09. The spectra have a resolving power of R=44,000, and were extracted following the procedures described by Buchhave et al. (2010) . These three initial TRES single-order absolute RVs are listed in Table 1 and are consistent with no RV variations to within the errors, ruling out some classes of astrophysical false positives. However, the TRES RV uncertainties are large enough to still allow for a low-mass companion at the ∼ 7.8d period of the KELT-North candidate signal, and on that basis we chose to continue with photometric follow-up. Note that due to the relatively large uncertainties, we chose not to include these TRES velocities in the final global analysis described in §4.
On UT 2012-06-26, we obtained high precision KELT-6 follow-up photometry of the final third of a predicted transit and detected an apparent shallow egress (see §2.3). Based on that detection and the lack of RV variations in the TRES data, we decided to pursue higher-precision RV data.
Using the High Resolution Echelle Spectrometer (HIRES) instrument (Vogt et al. 1994 ) on the Keck I telescope located on Mauna Kea, Hawaii, we obtained 16 exposures between UT 2012-08-24 and UT 2013-02-21 with an iodine cell, plus a single iodine-free template spectrum. The absolute and precise relative RV measurements are listed in Table 1, and Figure 2 shows the HIRES relative RV data phased to the orbit fit with a linear trend ofγ = −0.239 m s −1 day −1 (see §4) removed, along with the residuals to the model fit.
The HIRES radial velocity observations were made using the standard setup of the California Planet Search (CPS) program (Johnson et al. 2010; Howard et al. 2011) . A pyrex cell containing gaseous iodine is placed in front of the spectrometer entrance slit, which imprints a dense set of molecular iodine lines on each stellar spectrum. The iodine lines provide a calibration of the instrumental profile as well as a precise measure of the wavelength scale at the time of observation (Marcy & Butler 1992) . We measured the relative stellar radial velocities using the forward-modeling scheme of Butler et al. (1996) with improvements made over the years. We measured the absolute RVs using the methods of Chubak et al. (2012) .
The PSF varies quite dramatically in the slit-fed HIRES instrument simply from guiding and spectrometer focus variations. Since line asymmetries due to instrumental and stellar sources cannot be easily distinguished, we do not attempt to measure bisector spans for the HIRES observations.
We also obtained five RV measurements between UT 2013-02-01 and UT 2013-02-15 using the Hobby-Eberly Telescope (HET). However, these data were taken without an iodine cell for wavelength reference, and as a result the uncertainties are >6 km s −1 , so we do not list them in the RV table or use them in the global fit analysis in §4.
Finally, 21 additional TRES RVs were obtained and reduced using multi-order analysis after most of the global analysis had been completed. The full TRES RV dataset is listed in Table 1 that these data independently confirm both the amplitude of the KELT-6b RV variations (see Figure 2 ) and the linear trend of the fiducial global fit (see §5), albeit with larger uncertainties due to the somewhat worse precision than the Keck data. Bisector spans were calculated from the TRES spectra following Torres et al. (2007) and are used in §6 as part of the false positive analysis. The bisector spans are listed in Table 1 , and shown in the bottom panel of Figure 2 phased to the orbital fit.
KELT-6b 
Follow-up Time-Series Photometry
We acquired follow-up time-series photometry of KELT-6 to check for other types of false positives and to better determine the transit shape. To schedule follow-up photometry, we used the Tapir software package (Jensen 2013) . We obtained 16 partial or full primary transits in multiple bands between June 2012 and June 2013. The transit duration (> 5.5 hours) and orbital period (> 7.8 days) are long, so opportunities to observe full transits are rare. Figure 3 shows all the primary transit follow-up light curves assembled. A summary of the follow-up photometric observations is shown in Table  2 . We find consistent R P /R ⋆ ratios in all light curves, which include observations in the g, r, i, z, V , I, and CBB filters 29 , helping to rule out false positives due to blended eclipsing binaries. Figure 4 shows all primary transit follow-up light curves from Figure 3 (except the WCO light curve which contains significant residual systematics after detrending), combined and binned in 5 minute intervals. This combined and binned light curve is not used for analysis, but rather to show the best combined behavior of the transit. We also observed KELT-6 near the uncertain time of secondary transit on five different epochs (see §6).
Unless otherwise noted, all photometric follow-up observations were reduced with the AstroImageJ (AIJ) package 30 (K. A. Collins & J. F. Kielkopf 2014, in preparation) . AIJ is a general purpose image processing package, but is optimized for processing time-series astronomical image sequences. It is open source software written in Java and is compatible 29 In all references to SDSS filters in this paper, we use the unprimed notation to denote generic SDSS-like filters, which in practice are often labeled with the primed notation. CBB denotes the Astrodon clear with blue block filter which starts transmitting near 500 nm and continues to transmit into the near-infrared.
30 http://www.astro.louisville.edu/software/astroimagej/ with all computing platforms commonly used to process astronomical data. AIJ is a graphical user interface driven package that provides an interactive multi-image display interface, CCD image calibration (bias, dark, flat-field, and nonlinearity correction), astronomical time and coordinate calculations, multi-aperture differential photometry, multi-dataset plotting, and interactive light curve detrending. It can be operated in combination with any camera control software to reduce data and plot differential light curves in real time, or can be used in standard mode to post process data. Also unless otherwise noted, calibration of all photometric follow-up observations included bias and dark subtraction followed by flat-field correction. Calibration of the MORC data also included a correction for CCD non-linearity. Differential photometry was performed on the calibrated images using a circular aperture.
We observed three complete and three partial transits of KELT-6 using two telescopes at Moore Observatory, operated by the University of Louisville. The 0.6 m RCOS telescope with an Apogee U16M 4K × 4K CCD, giving a 26' × 26' field of view and 0.39 arcseconds pixel −1 , was used to observe the r egress on UT 2012-06-26, the r ingress on UT 2012-12-23, the full r transit on UT 2013-02-24, the z egress on UT 2013-03-04, and the full r transit on UT 2013-04-20. The 0.6 m was also used to observe near the time of secondary transit on UT 2013-04-16 in z. The Planewave Instruments 0.5 m CDK telescope with an Apogee U16M 4K × 4K CCD, giving a 37' × 37' field of view and 0.54 arcseconds pixel −1 , was used to observe most of a transit in g on UT 2013-02-24. The gap in the data is due to a meridian flip.
We observed an egress in g at Swarthmore College's Peter van de Kamp Observatory on UT 2013-01-08. The observatory uses a 0.6 m RCOS telescope with an Apogee U16M 4K × 4K CCD, giving a 26' × 26' field of view. Using 2 × 2 binning, it has 0.76 arcseconds pixel −1 . We observed one partial and two full transits at Spot Observatory. The observatory uses a 0. We observed one full and one partial transit at Montgomery Bell Academy (MBA) Long Mountain Observatory. The observatory uses a PlaneWave Instruments 0.6 m CDK telescope with an SBIG STL 11002 4008 × 2672 CCD, giving a 30' × 20' field of view and 0.45 arcseconds pixel −1 . A full transit was observed in V on UT 2013-02-24. However, the resulting light curve had large systematics that we were unable to adequately remove. Since the same transit epoch was observed by both Moore Observatory telescopes in overlapping filter bands, these data added no new information to the analysis and was not included in the global fit described in §4. An egress in I was observed on UT 2013-03-04, and observations near the time of secondary transit were collected in z on UT , combined and binned in 5 minute intervals. This light curve is not used for analysis, but rather to show the best combined behavior of the transit. The red curve shows the 15 transit models from global fit 6 described in Table 5 for each of the individual fits combined and binned in 5 minute intervals the same way as the data, with the model points connected. Bottom panel: The residuals of the binned light curve from the binned model in the top panel.
× 1020 CCD, giving a 28' × 19' field of view and 1.11 arcseconds pixel −1 . An ingress was observed in I c on UT 2013-02-24, and an ingress was observed in V on UT 2013-04-28.
We observed a partial transit at Westminster College Observatory (WCO) in Pennsylvania. The observations were obtained using a Celestron 0.35 m C14 telescope with an SBIG STL-6303E 3072 × 2048 CCD, giving a 24' × 16' field of view and 1.4 arcseconds pixel −1 at 3 x 3 pixel binning. An egress was observed using an Astrodon Clear with Blue Blocking (CBB) filter on UT 2013-04-28.
We observed near the time of secondary transit on UT 2013-04-08 and UT 2013-04-24 using the 1.0 m telescope at the ELP node of the Las Cumbres Observatory Global Telescope (LCOGT) network at McDonald observatory in Texas (Brown et al. 2013 ). The observations were obtained in the Pan-STARRS-Z band with an SBIG STX-16803 4096 × 4096 CCD, giving a 15.8' × 15.8' field of view and 0.464 arcseconds pixel −1 (2×2 binning). The ELP data were processed using the pipeline discussed in Brown et al. (2013) .
Adaptive Optics Observations
We obtained adaptive optics (AO) imaging using NIRC2 (instrument PI: Keith Matthews) at Keck on UT 2012-12-07. The AO imaging places limits on the existence of nearby eclipsing binaries that could be blended with the primary star KELT-6 at the resolution of the KELT and follow-up data, thereby causing a false positive planet detection. In addition, it places limits on any nearby blended source that could contribute to the total flux, and thereby result in an underestimate of the transit depth and thus planet radius in the global fit presented in §4. Our observations consist of dithered frames taken with the K ′ filter. We used the narrow camera setting to provide fine spatial sampling of the stellar point-spread function, and used KELT-6 as its own on-axis natural guide star. The total on-source integration time was 225 seconds. The resulting image is shown in Figure 5 .
We find no significant detection of off-axis sources in the immediate vicinity of KELT-6. We note that there are some conspicuous sources at the threshold of detection. However, without an image in a different filter, we are unable to de-KELT-6b b RMS of residuals from the best fit model in units of 10 −3 . c Photometric noise rate in units of 10 −3 minute −1 , calculated as RMS/ √ Γ, where RMS is the scatter in the light curve residuals and Γ is the mean number of cycles (exposure time and dead time) per minute during periods of back-to-back exposures (adapted from Fulton et al. 2011). termine if the position of these sources are wavelength dependent, which would indicate that they are speckles rather than real sources. Nevertheless, we can still place a conservative upper limit on any real sources based on the contrast sensitivity. Figure 6 shows the 10σ contrast sensitivity (in ∆magnitude) versus angular separation computed from Figure 5 using a three-point dither pattern to build signal and subtract sky-background (see Crepp et al. 2012) . The top scale in Figure 6 shows projected separation in AU for a distance of 222 pc (see Table 4 ). The scale on the right side of the plot estimates the mass in units of M ⊙ at a given contrast, estimated using the Baraffe et al. (1998) models. We can exclude companions beyond a distance of 0.5 arcseconds (111 AU) from KELT-6 down to a magnitude difference of 6.0 magnitudes at 10σ. Table 4 ). The scale on the right side of the plot estimates the mass in units of M ⊙ at a given contrast, estimated using the Baraffe et al. (1998) models. We can exclude companions beyond a distance of 0.5 arcseconds (111 AU) from KELT-6 down to a magnitude difference of 6.0 magnitudes at 10σ.
data from the literature include FUV and NUV fluxes from GALEX (Martin et al. 2005) , B − V color from Harris & Upgren (1964) , optical fluxes in the B T and V T passbands from the Tycho-2 catalog (Høg et al. 2000) , V and I C from The Amateur Sky Survey (TASS; Richmond et al. 2000) , nearinfrared (IR) fluxes in the J, H and K S passbands from the 2MASS Point Source Catalog (Skrutskie et al. 2006; Cutri et al. 2003) , near-and mid-IR fluxes in three WISE passbands (Wright et al. 2010; Cutri et al. 2012) , and proper motions from the NOMAD catalog (Zacharias et al. 2004 ).
Spectroscopic Analysis
We use both the TRES and HIRES spectra to derive the stellar properties of . To analyze the TRES spectra, we use the Spectral Parameter Classification (SPC) procedure version 2.2 (Buchhave et al. 2012) with T eff , log g ⋆ , [m/H], and v sin i ⋆ as free parameters. Since each of the 24 TRES spectra yielded similar results, we took the mean value for each stellar parameter. The uncertainties are dominated by systematic rather than statistical errors, so we adopt the mean error for each parameter. The results are: T eff = 6098 ± 50 K, log g ⋆ = 3.83 ± 0.10, [m/H] = −0.34 ± 0.08, and v sin i ⋆ = 6.7 ± 0.5 km s −1 , giving the star an inferred spectral type of F8.
To analyze the HIRES spectra, we use spectral synthesis modeling with Spectroscopy Made Easy (SME, Valenti & Piskunov 1996 , Valenti & Fischer 2005 . The free parameters for the model included T eff , v sin i ⋆ , log g ⋆ , and [Fe/H]. The microturbulent velocity was fixed to 0.85 kms −1 in this model and the macroturbulent velocity was specified as a function of effective temperature (Valenti & Fischer 2005) . After the first model was generated, two other iterations were run with temperature offsets of ±100 K from the model temperature to evaluate degeneracy between the model parameters. If the RMS for these new fit parameters relative to the original model values exceeds the uncertainties on the original model values estimated using the error analysis of Valenti & Fischer (2005) , then these larger uncertainties are adopted. However, in this case, the fits starting with the temperature offsets settled on values very close to those found using the original model, differing by much less than the estimated uncertainties on the original model values. Therefore, we adopted these original uncertainties, which include systematic error sources as described in Valenti & Fischer (2005) . Based on this analysis, KELT-6 appears to be a main sequence or very slightly evolved subgiant with T eff = 6100 ± 44K, log g ⋆ = 3.961 ± 0.060 and sub-solar metallicity, [Fe/H] = −0.277. The star has a projected rotational velocity v sin i ⋆ = 5.0 ± 0.5 km s −1 . Comparing the parameter values determined from the TRES spectra using SPC v2.2 to those determined from the HIRES spectra using SME, we generally find agreement to ∼ 1σ or better, except for v sin i ⋆ , which differs by ∼ 3σ. We do not have a good explanation for the v sin i ⋆ discrepancy. However, we do not use v sin i ⋆ in our global fits, so this discrepancy is unimportant for the present analysis. The individual TRES spectra have a signal-to-noise ratio (SNR) of ∼ 40 while the HIRES spectrum used to derive the stellar parameters has a SNR of ∼180. We therefore adopt the higher SNR HIRES stellar parameters for the analyses in this paper, although we note that the uncertainties in both determinations are likely to be dominated by systematic errors.
UVW Space Motion
We evaluate the motion of KELT-6 through the Galaxy to place it among standard stellar populations. We adopt an absolute radial velocity of +1.1 ± 0.2 km s −1 , based on the mean of the TRES and HIRES absolute RVs listed in Table 1 , where the uncertainty is due to the systematic uncertainties in the absolute velocities of the RV standard stars. Combining the adopted absolute RV with distance estimated from fitting the spectral energy distribution ( §3.4) and proper motion information from the NOMAD catalog (Zacharias et al. 2004) , we find that KELT-6 has U,V,W space motion (where positive U is in the direction of the Galactic Center) of −6.3 ± 0.9, Table  4 . The vertical error bars are the 1σ photometric uncertainties, whereas the horizontal error bars are the effective widths of the passbands. The solid curve is the best-fit theoretical SED from the NextGen models of Hauschildt et al. (1999) , assuming stellar parameters T eff , log g⋆ and [Fe/H] fixed at the values in Table 6 from the fiducial fit, with A V and d allowed to vary. The blue dots are the predicted passband-integrated fluxes of the best-fit theoretical SED corresponding to our observed photometric bands.
23.2 ± 0.8, 6.9 ± 0.2, all in units of km s −1 , making it unambiguously a thin disk star.
SED Analysis
We construct an empirical, broad-band spectral energy distribution (SED) of KELT-6, shown in Figure 7 . We use the FUV and NUV fluxes from GALEX (Martin et al. 2005) , the B T and V T colors from the Tycho-2 catalog (Høg et al. 2000) , V and I C from TASS (Richmond et al. 2000) , nearinfrared (NIR) fluxes in the J, H, and K S passbands from the 2MASS Point Source Catalog (Cutri et al. 2003; Skrutskie et al. 2006) , and the near-and mid-IR fluxes in three WISE passbands (Wright et al. 2010) . We fit this SED to NextGen models from Hauschildt et al. (1999) by fixing the values of T eff , log g ⋆ and [Fe/H] inferred from the fiducial model fit to the light curve, RV, and spectroscopic data as described in §4 and listed in Table 6 , and then finding the values of the visual extinction A V and distance d that minimize χ 2 . The best fit model has a reduced χ 2 of 1.61 for 10 degrees of freedom. We find A V = 0.01 ± 0.02 and d = 222 ± 8 pc. We note that the quoted statistical uncertainties on A V and d are likely to be underestimated because we have not accounted for the uncertainties in values of T eff , log g ⋆ and [Fe/H] used to derive the model SED. Furthermore, it is likely that alternate model atmospheres would predict somewhat different SEDs and thus values of the extinction and distance.
CHARACTERIZATION OF THE SYSTEM
To determine the final orbital and physical parameters of the KELT-6 system, we combine the results from the spectroscopic analysis, the light curves, and the HIRES RVs of KELT-6 as inputs to a global fit using a custom version of EX-OFAST (Eastman et al. 2013) . The TRES RVs are not used in the global fit analysis. The EXOFAST analysis package does a simultaneous Markov Chain Monte Carlo (MCMC) fit to the photometric and spectroscopic data to derive system parameters. It includes constraints on the stellar parameters M ⋆ and KELT-6b R ⋆ from either the empirical relations in Torres et al. (2010) or from Yonsei-Yale stellar models (Demarque et al. 2004) , in order to break the well-known degeneracy between M ⋆ and R ⋆ for single-lined spectroscopic eclipsing systems. EXOFAST scales the RV and light curve data uncertainties such that the probability that the χ 2 is larger than the value we achieved, P > χ 2 , is 0.5, to ensure the resulting parameter uncertainties are roughly accurate. The global fit method is similar to that described in detail in Siverd et al. (2012) , but we note a few differences below. 31 4.1. Light Curve Detrending Because KELT-6b's transits have an unusually long duration and relatively shallow depth (by ground-based observing standards), treatment of light curve systematics plays an important role in the accuracy of parameters determined by the EXOFAST global fit. The inclusion of detrending parameters into the global fit can often mitigate the effect of light curve systematics, but sometimes at the expense of introducing extra local minima in χ 2 space, which may cause other complications in the analysis. Therefore, it is important to maximize the detrending improvements to the fit of each light curve while minimizing the number of detrending parameters.
Systematically fitting each light curve using all combinations of ∼15 possible detrending parameters and comparing all of the resulting χ 2 values using the ∆χ 2 statistic would be prohibitive. Instead, we opted to use the interactive detrending capabilities of the AIJ package (see §2.3) to search for up to three parameters that appeared to reduce the systematics in each light curve. We then individually fit each of the full transit light curves using EXOFAST, and repeated the fit using various combinations of the detrending parameters selected for that light curve. Finally, we compared χ 2 from before and after the inclusion of an additional detrending parameter to determine if the probability of a chance improvement was more than a few percent. If so, we did not include the additional detrending parameter in the global fit.
It is important to emphasize that the light curves fitted in EXOFAST were the raw light curves (i.e. not the detrended light curves from AIJ). The only way in which the results of the AIJ analysis entered into the final analysis was in the choice of detrending parameters and the initial conditions adopted. Specifically, the detrend parameter coefficients determined in AIJ were used as starting points for the EXO-FAST fits. However these parameter coefficients were otherwise allowed to vary freely in order to minimize χ 2 . One detrending parameter we included that warrants additional discussion is an offset in the zero point of the photometry arising from a change in placement of the target and/or comparison star(s) on the CCD pixel array during time series observations. These positional changes typically result in a zero point shift in the photometry at that epoch in the light curve due to interpixel response differences and imperfect flat-field corrections. We found such positional changes due to a meridian flip in the MOCDK light curve on UT 2013-02-24, as well as an equipment failure in the SPOT UT 2013-31 In the EXOFAST analysis, which includes the modeling of the filterspecific limb darkening parameters of the transit, we employ the transmission curves defined for the primed SDSS filters rather than the unprimed versions. We also use the Kepler transmission curve to approximate the CBB filter. We expect any differences due to those discrepancies to be well below the precision of all our observations in this paper and of the limb darkening tables from Claret & Bloemen (2011). 02-24 light curve (see Table 2 and Figure 3) . We therefore included a detrending parameter that accounts for a change in the zero point of the relative photometry before and after the specified time.
In addition, fits to individual partial light curves often resulted in obviously incorrect models. We therefore chose detrending parameters for such ingress-or egress-only data by hand using AIJ without a rigorous ∆χ 2 analysis. Light curves from near the time of predicted secondary eclipse were treated somewhat differently. In particular, these were airmass detrended directly in AIJ, and when abrupt changes in the light curve were correlated with a change in position of the target star on the detector, x and y pixel positions of the target star centroid were also used as detrending parameters.
The final detrending parameters adopted for all of the light curves are shown in Table 2 .
Global Fits
Using the KELT-6b primary transit light curves, the detrending parameters and priors determined in the previous section, and the results from the HIRES RV and spectroscopic analyses, we computed a series of 12 global fits using our custom version of EXOFAST. The results of six illustrative global fits are shown in Table 5 . The table lists four global fit parameter choices (as detailed in the remainder of this subsection) for each of the six fits, along with the values of several key system parameters computed as part of each fit.
All global fits included a prior on orbital period P = 7.8457 ± 0.0002 days from the KELT-North data and priors on host star effective temperature T eff = 6100 ± 44 K and metallicity [Fe/H] = −0.277 ± 0.04 from the HIRES spectroscopy. The priors were implemented as a χ 2 penalty in EXOFAST (see Eastman et al. 2013 for details). For some of the global fits we also included a prior on stellar surface gravity log g ⋆ = 3.961 ± 0.060 from the HIRES spectroscopy. For the others, log g ⋆ was constrained only by the transit data through the well-known direct constraint on ρ ⋆ from the light curve and RV data, combined with a constraint on the stellar mass-radius relation through either the Torres relations or the Yonsei-Yale evolutionary models. Fitting the HIRES RV data independently to a Keplerian model, we found an acceleration ("RV slope") of −0.239 m s −1 day −1 , which is highly significant at the ∼ 7σ level. Therefore, we proceeded with RV slope as a free parameter for all global fits.
In addition to the slope, there were four additional choices that had to be considered when performing the global fit. First, we needed to decide which transits to include in the global fit. We defined two alternative sets of light curve data to consider: (1) the 5 "full" transits with both an ingress and egress and (2) all 16 full and partial transits. Second, as mentioned previously, we had the option to either include a prior on stellar surface gravity log g ⋆ = 3.961 ± 0.060 based on the HIRES spectroscopy, or to fit for stellar surface gravity without a prior. Third, we had the option to fit the orbital eccentricity and argument of periastron as free parameters or fix them to zero to force a circular orbit. Fourth, we had the option to break the degeneracy between M ⋆ and R ⋆ by imposing external constraints either from the relations of Torres et al. (2010) (Torres constraints) or by imposing constraints from the Yonsei-Yale stellar models (Demarque et al. 2004 ) (Yonsei-Yale constraints).
We first computed the four combinations of global fits us-ing the 5 full transits with the Torres constraints. The four global fits are defined by the different combinations of eccentric vs. circular orbits, and log g ⋆ with a spectroscopic prior vs. log g ⋆ free. The column labeled "Fit 5" in Table 5 shows the results for the Torres constrained, eccentric global fit, with no log g ⋆ prior. As discussed in §7.1, we plotted Yonsei-Yale stellar evolution tracks corresponding to the stellar mass and metallicity results from these global fits and found that the intersection of log g ⋆ and T eff values from EXOFAST did not fall within 1σ of the evolutionary tracks. We then computed the four combinations of global fits using the 5 full transits with the Yonsei-Yale constraints and found that for these fits the resulting log g ⋆ and T eff values were consistent with the corresponding Yonsei-Yale stellar evolution tracks within 1σ error. Parameter values from these four fits are listed in the columns of Table 5 labeled "Fit 1", "Fit 2", "Fit 3", and "Fit 4". The Torres constrained planet mass and radius are larger than the Yonsei-Yale constrained mass and radius by ∼ 4 − 7%, and although we cannot determine if the Torres relations or the Yonsei-Yale models best represent low metallicity systems, we prefer the Yonsei-Yale constrained global fits for self-consistency with the stellar evolution tracks in §7.1. We next considered the 16 full and partial transit global fits. We computed only the four combinations corresponding to the adopted Yonsei-Yale constrained global fits. Although we computed very long Markov chains with 10 6 links, three of the four global fits resulted in some parameters (mostly detrending parameters corresponding to partial light curves) that did not fully converge. Converged parameters have greater than 1000 independent draws and a Gelman-Rubin statistic less than 1.01 (see Eastman et al. 2013 and Ford 2006) . The column labeled "Fit 6" in Table 5 lists the results for the YonseiYale constrained, eccentric global fit, with no log g ⋆ prior. The system parameters resulting from the 16 transit global fits are nearly identical to the parameters from the 5 transit global fits. This is to be expected since detrended partial light curves will not add significant constraints to transit depth and shape when jointly fit with full transits. Given the partial transit minor convergence issues, concerns about the ability to properly remove systematics from these light curves, and the lack of significant additional constraints on transit depth and shape from the partial transits, we adopted the global fits based on the 5 full transits. We did however use the 16 transit global fits for the transit timing analysis in §4.3.
Next we examined the adopted Yonsei-Yale constrained global fits that use only the 5 full transits. These four global fits are defined by the different combinations of eccentric vs. circular orbits, and log g ⋆ prior vs. log g ⋆ free. Since it is typically difficult to measure log g ⋆ to the same precision spectroscopically that can be measured from a transit, we choose not to impose a prior on log g ⋆ from the HIRES spectroscopy. However, we are wary of measurements of log g ⋆ from the transits in this case, since the duration is very long for a ground-based transit observation. Comparing parameter values in column "Fit 4" of Table 5 with column "Fit 1", and comparing column "Fit 2" with column "Fit 3", we found that imposing a spectroscopic prior on log g ⋆ increased the stellar and planetary radii by ∼ 3% in the circular case and by ∼7% in the eccentric case. However, all of the system parameters are within ∼ 1σ of the results from the global fits without a prior on log g ⋆ .
Since we had no strong prior expectation of tidal circularization of KELT-6b's relatively long ∼ 8 day orbit, we adopted the more conservative eccentric orbit global fits which have higher parameter errors. The eccentricity resulting from a fit without a spectroscopic prior on log g ⋆ is e = 0.22 +0.12 −0.10 . The eccentricity resulting from a fit with the HIRES spectroscopic prior on log g ⋆ is e = 0.27 +0.11 −0.12 . As pointed out by Lucy & Sweeney (1971) , there is a bias for inferred values of eccentricity with low significance, due to the fact that e is a positive definite quantity. Although we adopt an eccentric orbit global fit, we cannot exclude the hypothesis that the orbit of KELT6b is, in fact, circular.
Our final adopted fiducial stellar and planetary parameters were derived from the 5 full transit, Yonsei-Yale constrained, eccentric orbit global fit with no prior on log g ⋆ . Table 6 lists the full set of system parameters for the fiducial fit.
Comparing the fiducial system parameters with those from the other 11 global fits, we note differences in planetary mass ∆M P ∼ 10% (∼ 1σ), planetary radius ∆R P ∼ 10% (∼ 1σ), orbital radius ∆a ∼ 5% (∼ 4σ), planetary equivalent temperature ∆T eq ∼ 5% (∼ 1σ), stellar mass ∆M ⋆ ∼ 15% (∼ 3σ), and stellar radius ∆R ⋆ ∼ 15% (∼ 1.5σ). Clearly, the choice of global fit input parameters, priors, and external constraints, significantly affects some of the inferred system parameters. Thus, it is important to note that other plausible global fits yield significantly different values for some system parameters.
The HIRES RV uncertainty scaling for the fiducial global fit is 2.808, which is fairly high and is suggestive of substantial stellar jitter in the RV data. The RMS of the RV residuals of the fit to these scaled data is 8.0 m s −1 , which is somewhat high (∼ 2σ) compared to what we would expect based on Wright (2005) . We do not have a compelling explanation for the high RV residuals. As noted in §2.2, we did not attempt to measure line bisectors for the HIRES data.
Transit Timing Variations
We investigated the transit center times of the 16 full and partial transits adopted from the 16 transit, Yonsei-Yale constrained, eccentric orbit global fit with no prior on log g ⋆ for any signs of transit time variations (TTVs). We were careful to ensure that all quoted times had been properly reported in BJD TDB (e.g., Eastman et al. 2010 ). When we performed the global fit, we allowed for transit time T C,i for each of the transits shown in Table 3 to be a free parameter. Therefore, the individual follow-up transit light curves do not constrain the KELT-6b ephemeris (global epoch T C and period P). Rather, the constraints on these parameters in the global fit come only from the RV data, and the prior imposed from the KELT discovery data. Using the follow-up transit light curves to constrain the ephemeris in the global fit would artificially reduce any observed TTV signal.
Subsequent to the global fit, we then derived a separate ephemeris from only the transit timing data by fitting a straight line to all inferred transit center times from the global fit. These times are listed in Table 3 and plotted in Figure 8 . We find T 0 = 2456347.796793 ± 0.000364, P Transit = 7.8456314 ± 0.0000459, with a χ 2 of 38.70 and 14 degrees of freedom. While the χ 2 is larger than one might expect, this is often the case in ground-based TTV studies, likely due to systematics in the transit data. There are ∼ 3σ deviations from the linear ephemeris on epochs 1 and 8. However, although there are consistent TTV measurements from two independent observatories on both of those epochs, we note that these data are all from ingress or egress only observations. Table 3 . The observatory/telescope abbreviations are the same as in Table 2 . Given the likely difficulty with properly removing systematics in partial transit data, we are unwilling to claim convincing evidence for TTVs. Further study of KELT-6b transit timing is required to rule out TTVs.
EVIDENCE FOR A TERTIARY COMPANION
The Keck HIRES radial velocities show a downward trend that is well modeled by a linear slope over the time span of the HIRES RVs as illustrated in Figure 9 . The fiducial model, which is displayed as a solid red line, is fit to the HIRES data only and has a slope ofγ = −0.239 ± 0.037 m s −1 day −1 . A two-planet fit with the tertiary in a circular orbit yields a negligible improvement of ∆χ 2 = 2.2 relative to the fit with constant acceleration, which has a ∼ 30% probability of happening by chance. With the inclusion of the full set of 24 rereduced TRES RVs (see §2.2) into the single-planet plus slope and two-planet fits, ∆χ 2 = 3.8, which has a ∼ 15% probability of happening by chance. Although the TRES RVs shown in Figure 9 appear to fairly strongly indicate a turn-over in the RV slope, the statistical analysis above finds only marginal evidence for a turn-over. The TRES RVs shown in Figure 9 have been shifted to best fit the HIRES fiducial model. Characteri- zation of the tertiary will require continued RV monitoring of the KELT-6 system. Our Keck AO K ′ image shows no significant detection of off-axis sources, although there are a couple of speckles at the threshold of detection (see Figure 5 and §2.4). Figure 10 shows the limits on mass from the AO image and from the HIRES RVs. For a given projected separation, masses above the heavy solid black line are excluded by the AO image. The heavy blue dashed line shows the lower limit for mass of the tertiary for circular orbits as a function of semimajor axis implied by the projected acceleration of A = 87 ± 12 m s −1 yr −1 measured from the HIRES RV data. For a circular orbit with semimajor axis a and a given minimum planet mass M P sin i, the maximum projected acceleration of the star due to the planet occurs at conjunction (or opposition), and is A = GM P sin i a −2 (Torres 1999 ). Thus a strict lower limit on the tertiary mass capable of producing the measured acceleration can be defined for a given a, assuming circular orbits 32 . Note that this mass increases as the square of projected separation. The light blue dashed lines show the 1σ uncertainty on the minimum M P sin i due to the uncertainty in the measured acceleration. Masses for the purported tertiary that fall below the blue dashed lines are excluded, as they do not provide sufficient acceleration at conjunction for a given semimajor axis to explain the observed trend even for an edge-on orbit. However, there could be undetected companions in the region below the blue dashed lines that are not responsible for the observed RV acceleration. The RV and AO mass curves intersect for masses comparable to the primary star, and at the Figure 10 . KELT-6 tertiary mass limits derived from the Keck AO image and measured HIRES projected acceleration versus separation in AU. The top scale shows angular separation in arcseconds corresponding to a given projected separation, assuming a distance of 222pc to the system. The AO mass limits as a function of projected separation are shown by the heavy solid black line. For a given projected separation, masses above the heavy solid black line are excluded. The heavy blue dashed line shows the lower limit on mass of the tertiary that could cause the observed projected acceleration, as a function of semimajor axis, and assuming circular orbits. The light blue dashed lines show the 1σ uncertainty in the limit due to the uncertainty in the projected acceleration. Assuming that the systematic radial velocity has varied monotonically between the two groups of HIRES RVs shown in Figure  9 , masses for the tertiary causing the acceleration that fall below the dashed blue lines are excluded. However, there could be undetected companions in the region below the blue dashed lines that are not responsible for the observed RV acceleration.
diffraction-limit of a 10 m telescope on the projected separation axis. Therefore, if the speckles at the threshold of detection in Figure 5 are astrophysical, they cannot be responsible for the observed long-term acceleration in the KELT-6 radial velocities.
FALSE POSITIVE ANALYSIS
One of the many challenges of ground-based photometric surveys for transiting planets is the relatively high rate of astrophysical false positives prior to RV and high precision photometry follow-up observations (e.g. Latham et al. 2009 ). Blended eclipsing stellar binary or triple systems can mimic some of the observable signatures of transiting low-mass companions to single stars. Brown (2003) estimated the a priori detection rates of such false positives in ground-based transit surveys similar to KELT, finding a rate that was a factor of several times larger than the expected detection rate for transiting giant planets. However, for KELT-6b, we have several lines of evidence that disfavor a false positive scenario.
First, we measured the line bisector spans of the TRES spectra following Torres et al. (2007) to explore the possibility that the RV variations are actually distortions in the spectral line profiles due to a nearby unresolved eclipsing binary or stellar activity. The bisector span variations are listed in Table 1 and plotted in the bottom panel of Figure 2 . The resulting bisector span variations are consistent with zero and show no correlation with the RV variations. As noted in §2.2, we did not attempt to measure line bisectors for the HIRES spectra since the PSF varies quite dramatically in the slit-fed HIRES instrument simply from guiding and spectrometer focus variations, which can cause instrumentally induced line asymmetries that cannot be easily distinguished from stellar sources.
Second, our follow-up photometric observations of full transits in several different filters (griz) are all consistent with the primary transit having nearly the same depth, and are wellmodeled by transits of a dark companion across a star with the limb darkening consistent with its spectroscopically measured T eff and log g ⋆ (see Figure 3 and  §4.2) . Since the multiband depth difference expected for a false positive scenario depends strongly on the color difference of the blended stars, the multi-band transit observations cannot rule out all false positive configurations, but can significantly limit the allowed parameter space.
Third, we collected eight sequences of photometric observations near the time of predicted secondary eclipse (at five different epochs) in z and Pan-STARRS-Z bands as detailed in Table 2 . The individual phased light curves and the combined binned light curve are shown in Figure 11 and cover 12 hours near the time of predicted secondary eclipse. As shown in Table 6 , the fiducial predicted time of secondary eclipse has an uncertainty of ∼ 16 hours. We do not find conclusive evidence of a 1 mmag secondary eclipse ingress or egress in our data. However, we do not have complete phase coverage of all the secondary eclipse times that are allowed by our global fits, and therefore we cannot place a robust lower limit on the depth of any putative secondary transit arising from a blended eclipsing binary.
Although the multi-band transit and secondary eclipse observations cannot exclude all blend scenarios, they disfavor blend scenarios in which the observed transits are due to diluted eclipses of a much fainter and redder eclipsing binary (e.g., O'Donovan et al. 2006) . Fourth, the fiducial transit derived stellar surface gravity log g ⋆transit = 4.074 +0.045 −0.070 (the fiducial fit does not use a spectroscopic prior on log g ⋆ ) and the HIRES spectroscopically derived surface gravity log g ⋆HIRES = 3.961 ± 0.060 are consistent within ∼ 1.5σ.
Finally, our adaptive optics imaging excludes companions beyond a distance of 0.5 arcseconds from KELT-6 down to a magnitude difference of 6.0 magnitudes at 10σ confidence. See Figure 6 .
We conclude that all of the available data are best explained by a Jupiter-sized, Saturn-mass companion transiting a slowly-rotating late-F star, with little or no evidence for significant contamination from blended sources.
EVOLUTIONARY ANALYSIS

Stellar Models and Age
We use global fit values for T eff , log g ⋆ , stellar mass, and metallicity ( §4 and Table 5 columns "Fit 1" and "Fit 5"), in combination with the theoretical evolutionary tracks of the Yonsei-Yale stellar models (Demarque et al. 2004) , to estimate the age of the KELT-6 system. We have not directly applied a prior on the age, but rather have assumed uniform priors on [Fe/H], log g ⋆ , and T eff , which translates into nonuniform priors on the age. The standard version of EXOFAST uses the Torres et al. (2010) relations to estimate stellar mass and radius at each step of the MCMC chains. The top panel of Figure 12 shows the theoretical HR diagram (log g ⋆ vs. T eff ) corresponding to Table 5 column "Fit 5". We also show evolutionary tracks for masses corresponding to the ±1σ extrema in the estimated uncertainty. The Torres constrained global fit values for T eff and log g ⋆ are inconsistent by more than 1σ
KELT-6b Figure 11 . Phased observations of KELT-6 near the time of predicted secondary transit. The ephemeris used to phase the data is T 0 = 2456265.51 (BJD T DB ) and P = 7.8457 (days). The fiducial ephemeris is uncertain by ∼ 0.7 days. Our observations cover only ∼ 50% of the region of uncertainty. The red overplotted lines are the constant brightness models. The observatory/telescope abbreviations are the same as in Table 2 . The bottom light curve shows all observations combined and binned in 5 minute intervals, and has residuals of 0.06% RMS. We find no evidence for a secondary transit in the data.
with the Yonsei-Yale track corresponding to the stellar mass and metallicity preferred by this global fit. To investigate the inconsistency, we modified EXOFAST to use the Yonsei-Yale models rather than the Torres et al. (2010) relations to estimate stellar mass and radius at each MCMC step. The bottom panel of Figure 12 is the same as the top panel, but for the fiducial Yonsei-Yale constrained global fit corresponding to Table  5 column "Fit 1". The intersection of global fit values for T eff and log g ⋆ now fall near the Yonsei-Yale track at 6.1 ± 0.2 Gyr, where the uncertainty does not include possible systematic errors in the adopted evolutionary tracks. The Torres constrained global fit yields an age that is about 25% younger, and planet mass and radius that is larger by ∼ 4 − 7%. Although we cannot explain the inconsistency between the Torres constrained global fit and the Yonsei-Yale track, we expect that it may be due to slight inaccuracies in the Yonsei-Yale models and/or the Torres et al. (2010) relations for metal poor stars. We adopt the Yonsei-Yale constrained global fit for the analyses in this paper.
KELT-6 is evidently a late-F star that is just entering the subgaint stage of evolution. To check that the isochrone age is consistent with other parameters of KELT-6, we use the gyrochronology relations of Barnes (2007) to compute the age based on the rotation period of the star and its B − V color. We checked the KELT light curve for periodic variability associated with spot modulation as an indicator of P rot , but we were unable to detect any significant sinusoidal variability beyond the photometric noise. Lacking a direct measurement, we estimated P rot using the projected rotational velocity from §3.2 and the stellar radius from the adopted global fit in §4 to be P rot / sin i rot = 16.2 ± 3.8 days. Harris & Upgren (1964) photoelectrically measured magnitudes and colors of KELT-6 and found B − V = 0.49 ± 0.008. Tycho (Høg et al. 2000) measured B T and V T (Table 4) , and through the filter transformations described in ESA (1997), the Tycho-based color is B − V = 0.415 ± 0.069. Because the Harris & Upgren (1964) precision is much higher than Tycho's, and since the Tycho color is consistent with the Harris & Upgren (1964) color at nearly 1σ, we adopt the Harris & Upgren (1964) color for this analysis. In particular, we are worried about inaccuracies in the Tycho-to-Johnson filter-band transformations, especially for metal-poor stars; Høg et al. (2000) state that these filterband transformations are approximate. Based on the adopted rotation period and B − V color of the star, we calculate the maximum predicted age (subject to the inclination of the rotation axis to our line of sight) to be 5.7 ± 1.3 Gyr, which is fully consistent with the isochrone age. We note that if the Tycho fiducial color is used with the adopted rotation period, the Barnes (2007) relations yield an unrealistically large age of 46 Gyr, due to the fact that these relations break down for stars with B − V 0.4, which generally have small or non-existant convective envelopes.
Insolation Evolution
In an investigation of transiting giant exoplanets, Demory & Seager (2011) found that for planets insolated beyond the threshold of 2 × 10 8 erg s −1 cm −2 the radii are inflated compared to those planets with lower levels of insolation. KELT6b currently has incident flux well above that threshold, and is a mildly inflated hot Saturn with a density of 0.248
. It follows the insolation-inflation trend displayed in Figure 1 of Demory & Seager (2011) . However, it is worth investigating whether KELT-6b has always been insolated above the Demory & Seager (2011) threshold. If it turns out that KELT-6b only recently began receiving enhanced irradiation, this could provide an empirical probe of the timescale of inflation mechanisms (see Assef et al. 2009 and Spiegel & Madhusudhan 2012) .
To answer that question, we simulate the reverse and forward evolution of the star-planet system, using the fiducial global fit parameters listed in Table 6 as the present boundary conditions. This analysis is not intended to examine circularization of the planet's orbit, tidal locking to the star, or any type of planet-planet or planet-disk interaction or migration. Rather, it is a way to infer the insolation of the planet over time due to the changing luminosity of the star and changing star-planet separation.
We include the evolution of the star, which is assumed to follow the YREC stellar model corresponding to M = 1.1 M ⊙ and Z = 0.0162 (Siess et al. 2000) . We also assume that the stellar rotation was influenced only by tidal torques due to the planet, with no magnetic wind and treating the star like a solid body. Although the fiducial model from §4.2 has an eccentric orbit, we assume a circular orbit throughout the full insolation Table 5 column "Fit 1'. The thick red crosses show T eff and log g⋆ from the EXOFAST global fit analyses. The thin green crosses show the inferred T eff and log g⋆ from the HIRES spectroscopic analysis alone. The blue dots represent the location of the star for various ages in Gyr. The Torres constrained global fit is inconsistent with the Yonsei-Yale track at > 1σ. We adopt the Yonsei-Yale constrained global fit represented in the bottom panel resulting in a slightly evolved star with an estimated age of 6.1 ± 0.2 Gyr, where the uncertainty does not include possible systematic errors in the adopted evolutionary tracks.
analysis. The results of our simulations are shown in Figure  13 . We tested a range of values for the tidal quality factor of the star Q ⋆ , from log Q ⋆ = 5 to log Q ⋆ = 9. We find that this system is highly insensitive to the value of Q ⋆ , because tides are not important for this system for the parameter ranges we analyzed. In all cases, KELT-6b has always received more than enough flux from its host to keep the planet irradiated beyond the Demory & Seager (2011) insolation threshold required for inflation.
DISCUSSION
From our global fit to the spectroscopy, light curves, and HIRES RVs, we find that KELT-6b is a metal-poor hot Sat- 
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In ation Irradiation Threshold Current Age Figure 13 . Change in incident flux for KELT-6b, with test values of log Q⋆ = 5 and log Q⋆ = 9 for KELT-6. This system is clearly insensitive to the value of Q⋆ in the range we analyzed. In both cases, the planet has always received more than enough flux from its host to keep the planet irradiated beyond the insolation threshold of 2 × 10 8 erg s −1 cm −2 identified by Demory & Seager (2011). urn with a measured mass M P = 0.430 . We do not have in-transit KELT-6b RV data, so we have no Rossiter-McLaughlin effect constraint on the projected rotation axis of its host star.
Even among the ever growing list of known transiting exoplanets, KELT-6b is unique. In Figure 14 we compare planet mass as a function of the orbital period (top panel), incident flux as a function of log g P (middle panel), and [Fe/H] as a function of log g P (bottom panel), for the group of all transiting hot gas giants orbiting bright hosts, which we define as m > 0.1 M Jup , P < 20 days, and host star V < 11.0. Within that group, KELT-6 is among the 20 brightest host stars, and KELT-6b has the third longest orbital period (top panel), second lowest mass (top panel), and is the most metal-poor (bottom panel). In the larger group of all transiting exoplanets discovered by ground-based transit surveys, KELT-6b has the sixth longest period and the second longest transit duration. To our knowledge, the high precision photometric follow-up observations reported in this work include the longest duration transit ever fully observed from a single ground-based telescope.
Perhaps the most significant importance of the KELT-6b discovery is that it has similar log g P and incident flux as HD 209458b (middle panel), one of the most studied and best understood exoplanets, but its host has a metallicity that is lower than HD 209458 by ∼ 0.3 dex 33 . This, combined with the fact that KELT-6 is relatively bright at V ∼ 10.4 (see Figure 15 ), means that this system provides an opportunity to perform comparative measurements of two similar planets in similar environments around stars of very different metallicities. In particular, we advocate attempting to acquire both transmission and secondary eclipse spectroscopy from the ground and space. The resulting spectra can be compared directly with those already in hand for HD 209458b (e.g., Knutson et al. 2008; Désert et al. 2008; Sing et al. 2008; Snellen et al. 2008; Swain et al. 2009 ). Such direct comparisons may, for example, elucidate the effect of bulk composition of the planet atmosphere on the cause of atmospheric temperature inversions. We note that, in order to properly plan for secondary eclipse observations, additional radial velocity observations will be needed to more precisely constrain the eccentricity of KELT-6b and so predict the time of secondary eclipse. Such observations will also be important for characterizing the orbit of the tertiary object in the KELT-6 system. For these reasons, KELT-6b should prove to be a very interesting object for further study. Note.
-Magnitudes are on the AB system. Uncertainties for the 2MASS and WISE bands were increased to 0.05 mag and 0.10 mag, respectively, to account for systematic uncertainties. 
